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(57) ABSTRACT

A power storage system includes a plurality of secondary
battery packs and an upper controller. When causing an addi-
tional discharge secondary battery pack that is not being
discharged to start being discharged by connecting the addi-
tional discharge secondary battery pack in parallel with a
discharging secondary battery pack that is being discharged,
in a state in which some of the secondary battery packs are
being discharged, the upper controller predicts discharge start
timing at which inter-terminal voltages of the additional dis-
charge secondary battery pack and the discharging secondary
battery pack correspond to each other. Subsequently, the
upper controller causes the additional discharge secondary
battery pack to start being discharged at the discharge start
timing.
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POWER STORAGE SYSTEM AND
SECONDARY BATTERY CONTROL METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2012/056979 filed Mar. 19,2012, claiming
priority based on Japanese Patent Application No. 2011-
068212 filed Mar. 25, 2011, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a power storage system
including a plurality of secondary batteries and a secondary
battery control method.

BACKGROUND ART

In recent years, with an upsurge of interest in environmen-
tal issues, attention has been focused on power storage sys-
tems that accumulate electric power generated by using
renewable energy such as PV (Photo Voltaic). In the power
storage systems, use of lithium ion secondary batteries that,
unlike lead storage batteries, do not contain substances harm-
ful for human bodies and the environment have been studied.

When a power storage system is configured by using
lithium ion secondary batteries or the like (hereinafter, simply
called “secondary batteries” generically), the power storage
system generally adopts a configuration in which a secondary
battery pack is formed by connecting a plurality of secondary
batteries in series in order to obtain a desired output voltage,
and a plurality of the secondary battery packs are connected in
parallel in order to obtain a desired power storage capacity.

However, in the configuration in which a plurality of sec-
ondary battery packs (or secondary batteries) are connected
in parallel, there is the fear that a cross current, in which a
current flows between the secondary battery packs due to
imbalance in the inter-terminal voltages of the respective
secondary battery packs during operation, will occur and that
the power storage system cannot be operated normally. Since
among the secondary batteries, a difference occurs in dete-
rioration state depending on production dates, temperature
environments and the like, imbalance occurs in the inter-
terminal voltages of the respective secondary batteries after
charge and discharge, and due to imbalance, a cross current
occurs among the secondary batteries, if there is a difference
in the deterioration state even if the secondary batteries are of
the same kind (specifications). This problem becomes more
conspicuous as the number of secondary battery packs (or
secondary batteries) that are connected in parallel becomes
larger.

It is generally known that cross currents between second-
ary battery packs and between secondary batteries have an
adverse effect on a power storage system, and many appara-
tuses that use a plurality of secondary batteries by connecting
secondary batteries in parallel are prohibited from using a
mixture of new and old secondary batteries.

However, in reality, a difference occurs in the rate of dete-
rioration among the secondary batteries during operation
even if all the secondary batteries are new. Further, there are
many situations in which combined use of secondary batter-
ies differing in deterioration state is desired, such as the case
in which a power storage system is configured by using a
small number of secondary batteries initially, and thereafter,
secondary batteries are additionally provided, the case in
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which a power storage system is configured at low cost by
using used secondary batteries, or the like.

From the background as above, the art of reducing user
inconvenience by enabling the secondary batteries having
different deterioration states to be used safely and freely in
power storage systems has been desired.

As the art as above, for example, Patent Literature 1
describes a configuration that includes a plurality of second-
ary battery packs connectable in parallel with each other via
switches, and eliminates imbalance between the inter-termi-
nal voltages of the respective secondary battery packs at the
time of discharge by controlling the respective switches pro-
vided at each of the secondary battery packs. In the art
described in Patent Literature 1, the inter-terminal voltages of
the respective secondary battery packs are respectively mea-
sured, and discharge is started from the secondary battery
pack having the highest inter-terminal voltage. When the
inter-terminal voltage drops due to discharge, and becomes
substantially equal to the inter-terminal voltage of another
secondary battery pack which has not been discharged until
then, discharge of the other secondary battery pack is initi-
ated. By performing control like this, the difference between
the inter-terminal voltages of the respective secondary battery
packs at the time of start of discharge can be reduced, and
therefore, occurrence of a cross current can be prevented.

Incidentally, for example, in the secondary battery pack
that is being discharged, the current that is supplied to a load
is reduced when the other secondary battery pack that is
connected in parallel with the secondary battery pack starts to
be discharged, and therefore, the inter-terminal voltage rises.
Meanwhile, in the secondary battery pack which is not being
discharged, the inter-terminal voltage drops when discharge
of the secondary battery pack that is not been discharged
starts and thereby supplies a current to the load.

In the art described in the above described Patent Literature
1, the change in the inter-terminal voltages like this is not
taken into consideration, and therefore, it cannot be said that
the cross current which occurs between the secondary battery
pack that starts to be discharged and the other secondary
battery pack that is already being discharged and that is con-
nected in parallel with the secondary battery pack when the
secondary battery pack starts to be discharged is fully pre-
vented.

RELATED ART LITERATURE
Patent Literature

Patent Literature 1: Japanese Patent [.aid-Open No. 2009-
33936A

SUMMARY

Thus, the present invention has an object to provide a
power storage system and a secondary battery control method
that can reduce cross current between secondary battery
packs (or secondary batteries).

In order to attain the above described object, a power
storage system according to an exemplary aspect of the
present invention includes a plurality of secondary battery
packs, and

an upper controller that, when causing an additional dis-
charge secondary battery pack that is not being discharged to
be discharged by connecting the additional discharge second-
ary battery pack in parallel with a discharging secondary
battery pack that is being discharged, in a state in which some
secondary battery packs from among the plurality of second-
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ary battery packs are being discharged, predicts discharge
start timing at which inter-terminal voltages of the additional
discharge secondary battery pack and the discharging sec-
ondary battery pack correspond to each other, and causes the
additional discharge secondary battery pack to start being
discharged at the discharge start timing.

Meanwhile, a secondary battery pack control method
according to an exemplary aspect of the present invention is a
method of controlling a secondary battery for controlling a
plurality of secondary battery packs,

wherein a computer,

when causing an additional discharge secondary battery
pack that is not being discharged to be discharged by con-
necting the additional discharge secondary battery pack in
parallel with a discharging secondary battery pack that is
being discharged, in a state in which some secondary battery
packs from among the plurality of secondary battery packs
are being discharged, predicts discharge start timing at which
inter-terminal voltages of the additional discharge secondary
battery pack and the discharging secondary battery pack cor-
respond to each other, and

causes the additional discharge secondary battery pack to
start being discharged at the discharge start timing.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing one configuration
example of a secondary battery pack of the present invention.

FIG. 2 is a graph showing one example of a change in an
inter-terminal voltage at a time of discharge of the secondary
battery pack.

FIG. 3 is a diagram showing the state of current that flows
when a discharge switch is turned on in a state in which a
charge switch of an additional discharge secondary battery
pack is turned off.

FIG. 4 is a flowchart showing one example of a processing
procedure of a power storage system of the present invention.

FIG. 5 is a flowchart showing another example of the
processing procedure of the power storage system of the
present invention.

EXEMPLARY EMBODIMENT

Next, the present invention will be described with use of
the drawings.

FIG. 1 is a block diagram showing one configuration
example of a secondary battery pack of the present invention.

As shown in FIG. 1, a power storage system of the present
invention includes upper controller 11, and two secondary
battery packs 12 connected in parallel with each other. Sec-
ondary battery pack 12 includes two secondary battery blocks
13 that are connected in series, and control block 14. Second-
ary battery block 13 has a configuration in which, for
example, a plurality of secondary batteries 15 are connected
in series. Control block 14 includes controller 16, battery
detector 17, current detector 18, discharge switch 19, charge
switch 20 and insulating communicator 21.

Discharge switch 19 is a switch that turns on and off a
discharge path, and charge switch 20 is a switch that turns on
and off a charge path. For discharge switch 19 and charge
switch 20, for example, MOSFETs (Metal-Oxide-Semicon-
ductor Filed-Effect Transistors) are used. Turning on and off
discharge switch 19 and charge switch 20 is controlled by
controller 16.

Insulating communicator 21 is an interface circuit that
enables transmission and reception of information while elec-
trically insulating controller 16 and upper controller 11. Insu-
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lating communicator 21 can be of any configuration that
makes controller 16 and upper controller 11 communicable
while electrically insulating controller 16 and upper control-
ler 11, and can be configured by using a known insulating
device of an optical coupling type, a magnetic coupling type,
a capacitive coupling type or the like.

Battery detector 17 measures inter-terminal voltages of
respective secondary batteries 15 that are included by second-
ary battery block 13.

Current detector 18 measures discharge current and charge
current of secondary battery pack 12, and notifies controller
16 of a measurement result thereof.

Controller 16 controls operations of battery detector 17,
current detector 18, discharge switch 19 and charge switch 20
in accordance with an instruction of upper controller 11.
Controller 16 turns on discharge switch 19 when causing
secondary battery 15 to be discharged, and turns on charge
switch 20 when charging secondary battery 15, for example.
Further, controller 16 notifies upper controller 11 of the inter-
terminal voltages of respective secondary batteries 15 mea-
sured in battery detector 17, and notifies upper controller 11
of the discharge current or the charge current measured in
current detector 18, in accordance with instructions from
upper controller 11. Battery detector 17, current detector 18
and controller 16 can be realized by, for example, known
monitoring (protecting) ICs (Integrated Circuits) for the sec-
ondary battery that include these functions.

Upper controller 11 controls an operation of the entire
power storage system of the exemplary embodiment by com-
municating with controller 16 that is included in secondary
battery pack 12. Upper controller 11 can be realized by, for
example, a known information processing apparatus (a com-
puter or an IC for information processing) including a CPU, a
memory, various logic circuits and the like. In this case, upper
controller 11 realizes an operation as the power storage sys-
tem of the present invention that will be described later by
executing processing in accordance with a program recorded
in a recording medium not illustrated. The recording medium
may be any known recording medium such as a magnetic
disk, an optical disk, and a semiconductor memory.

FIG. 1 shows the configuration example in which the
power storage system includes two secondary battery packs
12, and each of secondary battery packs 12 includes two
secondary battery blocks 13, but the power storage system
may include three or more secondary battery packs 12, and
secondary battery pack 12 may include one, or three or more
secondary battery blocks 13.

Inthe configuration as above, at the time of discharge of the
power storage system, upper controller 11 causes secondary
battery pack 12 with a larger remaining capacity, that is,
secondary battery pack 12 with a higher inter-terminal volt-
age (open-circuit voltage), from among two secondary bat-
tery packs 12, to start discharge first, and thereafter, causes
the other secondary battery pack 12 to start discharge. The
inter-terminal voltage of secondary battery pack 12 may be
found by adding up the inter-terminal voltages of respective
secondary batteries 15 or respective secondary battery blocks
13 that are measured in battery detector 17 by upper controller
11, or may be measured by using known voltage measuring
means (not illustrated) that is connected between terminals
(OUT(+), OUT(-)) of secondary battery pack 12.

When discharge of secondary battery pack 12 is started, the
remaining capacity is gradually reduced, and with this, the
inter-terminal voltage is also reduced. When the inter-termi-
nal voltage of one secondary battery pack 12 that starts to be
discharged first is reduced, and reaches the vicinity of the
inter-terminal voltage (open-circuit voltage) of the other sec-
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ondary battery pack 12 that is not being discharged, upper
controller 11 causes the other secondary battery pack 12 to
start to be discharged. Even when three or more of secondary
battery packs 12 are used, upper controller 11 causes second-
ary battery pack 12 with the largest remaining capacity to start
to be discharged first in order of largest remaining capacity.

Here, in the power storage system of the exemplary
embodiment, when the other secondary battery pack (herein-
after, called an additional discharge secondary battery pack)
12 that is not caused to be discharged is caused to start being
discharged by being connected in parallel with one secondary
battery pack (hereinafter, called the discharging secondary
battery pack) 12 that is being discharged, discharge start
timing at which the inter-terminal voltages of the additional
discharge secondary battery pack and the discharging sec-
ondary battery pack correspond to each other is calculated by
upper controller 11.

As described above, when the additional discharge second-
ary battery packis caused to start being discharged in addition
to the discharging secondary battery pack, the supply path for
current to a load increases, and therefore, in the discharging
secondary battery pack, the current that is supplied to the load
is reduced whereas the inter-terminal voltage rises. Mean-
while, in the additional discharge secondary battery pack, the
inter-terminal voltage declines to be lower than the open-
circuit voltage by supplying the current to the load. The time,
at which the raised inter-terminal voltage of the discharging
secondary battery pack and the inter-terminal voltage after
discharge of the additional discharge secondary battery pack
starts become equal, is set as the discharge start timing of the
additional discharge secondary battery pack.

The discharge start timing is calculated based on an imped-
ance of the discharging secondary battery pack and an imped-
ance of the additional discharge secondary battery pack.
More specifically, the time at which the impedance of the
discharging secondary battery pack and the impedance of the
additional discharge secondary battery pack correspond to
each other is set as the discharge start timing.

Upper controller 11 calculates the impedance of the dis-
charging secondary battery pack by using the inter-terminal
voltage of the discharging secondary battery pack that is
continuously measured by battery detector 17, and the dis-
charge current that is continuously measured by current
detector 18, and records a value thereof. Further, upper con-
troller 11 predicts a change of the following impedance based
on impedance history of the discharging secondary battery
pack that is recorded. Note that “is continuously measured”
indicates that upper controller 11 acquires the inter-terminal
voltage and the discharge current at each predetermined pro-
cessing period and calculates the impedance of the discharg-
ing secondary battery pack, and records the values of the
impedances that are obtained in time series respectively.

Further, upper controller 11 calculates proper discharge
start timing based on the predicted change of the impedance
of'the discharging secondary battery pack, and the impedance
of the additional discharge secondary battery pack predicted
in advance. As the method of measuring the impedance of
secondary battery pack 12, there are an AC impedance mea-
suring method, and a DC impedance measuring method that
are known.

Note that the impedances that are calculated from the mea-
surement values of battery detector 17 and current detector 18
are equal to internal impedances of respective secondary bat-
teries 15 that are included by secondary battery pack 12. The
impedance of secondary battery pack 12 includes not only the
internal impedances of secondary batteries 15, but also
impedances by wiring, switches and the like (external imped-
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6

ances). Therefore, upper controller 11 measures and stores
the values of the external impedances of respective secondary
battery packs 12 in advance. At the time of impedance calcu-
lation of the discharging secondary battery pack, upper con-
troller 11 calculates the internal impedance of each of sec-
ondary batteries 15 from the values of the inter-terminal
voltage and the discharge current at the present time point,
and can use the total value of the external impedance and the
internal impedance of each of secondary battery 15 as the
impedance of the discharging secondary battery pack.

Next, the calculation methods of the external impedance
and the internal impedance of secondary battery pack 12 will
be described with use of the drawings.

FIG. 2 is a graph showing one example of a change of the
inter-terminal voltage at the time of discharge of the second-
ary battery pack.

The external impedance is calculated, for example, by
dividing the voltage value which declines in a predetermined
time period (short time period) set in advance when second-
ary battery pack 12 starts to be discharged by a current value.
When discharge of secondary battery pack 12 is started, and
a current flows into an external load from secondary battery
pack 12, the inter-terminal voltage abruptly declines due to
the external impedance. From the voltage value that declines,
and the value of'the current that flows at this time, the external
impedance of secondary battery pack 12 can be calculated.
The above described predetermined time period is desirably
set at a time period as short as possible, in which the voltage
decline due to the external impedance sufficiently appears.
Here, the predetermined time period is set at one second. A
time point A shown in FIG. 2 is a time point at which second-
ary battery pack 12 shifts to a discharge state from an open
state, and a time point B is one second after the time point A,
and is used for measurement of the above described external
impedance.

Upper controller 11 finds the difference between the inter-
terminal voltage of secondary battery pack 12 that is mea-
sured at the time point A shown in FIG. 2, and the inter-
terminal voltage of secondary battery pack 12 that is
measured at the time point B, and calculates the external
impedance by dividing the difference voltage value by the
current value measured in current detector 18. Upper control-
ler 11 can calculate and update the external impedance of
secondary battery pack 12, for example, every time secondary
battery pack 12 shifts to the discharge state from the open
state.

Further, upper controller 11 finds the internal impedances
of respective secondary batteries 15 that are included by the
discharging secondary battery pack respectively from the
inter-terminal voltage value measured by using battery detec-
tor 17 of the discharging secondary battery pack and the
current value measured by using current detector 18, and
calculates the internal impedance of the discharging second-
ary battery pack.

Generally, the internal impedance of secondary battery 15
can be calculated, in which secondary battery pack 12 is
discharging, by dividing the inter-terminal voltage value of
each of secondary batteries 15 that is measured by battery
detectors 17 included in each of secondary battery blocks 13,
by the current value measured by current detector 18. The
internal impedance of secondary battery pack 12 can be
obtained by adding up the internal impedances of respective
secondary batteries 15.

In order to predict the change of the impedance of second-
ary battery pack 12, measured values of a plurality of imped-
ances that are obtained in time series are needed, and a mea-
surement error and a variation of the respective impedances



US 9,368,992 B2

7

that are obtained in time series are preferably reduced. As a
method of finding the internal impedance while reducing
measurement error and variability, for example, a known
moving average method is cited.

Upper controller 11 measures the inter-terminal voltage
and the current value of secondary battery pack 12 at each
predetermined period, and calculates the average value of the
measured values at each time period set in advance, for
example, whereby upper controller 11 acquires the time-
series values of a plurality of internal impedances.

A calculation example of the internal impedance of sec-
ondary battery pack 12 using the moving average method will
be described with use of FIG. 2.

Upper controller 11 divides the inter-terminal voltage of
the discharging secondary battery pack that is measured at a
certain measurement time point (for example, a time point C
shown in FIG. 2) by the discharge current measured at the
measurement time point. The name of the internal impedance
that is obtained at this time is set as D(0) impedance, and a
value thereof is set as d(0) Q.

Similarly, upper controller 11 measures the internal imped-
ance of the discharging secondary battery pack every one
second from a time point D until a time point E shown in FIG.
2 (nine seconds). The names of the internal impedances that
are obtained at this time are set as D(1) to D(9) impedances,
and values thereof are set as d(1) to d(9) €2. Upper controller
11 uses, for example, the average value of the D(0) to D(9)
impedances as the internal impedance of the discharging
secondary battery pack at time point E.

When one second further elapses from time point E (time
point F: not illustrated), upper controller 11 uses the average
value of the internal impedance measured at time point F
(D(10) impedance) and D(1) to D(9) impedances as the inter-
nal impedance of the discharging secondary battery pack at
the time point F.

Similarly, upper controller 11 averages the values of the
constant number (10 in the above described example) of the
latest internal impedances, among the internal impedances
calculated at each predetermined period (one second in the
above described example), and thereby calculates the internal
impedance at each measurement time point respectively.

The calculation method of the internal impedance of the
discharging secondary battery pack is not limited to the afore-
mentioned moving average method, and, for example, the
measured value that is obtained at each measurement time
point, such as D(1) impedance and D(9) impedance may be
directly used.

Upper controller 11 adds the external impedance measured
in advance to the internal impedance of the discharging sec-
ondary battery pack at each measurement time point, and
records the result as the impedance history of the discharging
secondary battery pack.

Upper controller 11 predicts the change of the following
impedances based on the impedance history of the discharg-
ing secondary battery pack, and calculates the discharge start
timing by using the prediction result. Thereafter, upper con-
troller 11 causes the additional discharge secondary battery
pack to start to be discharged at the predicted discharge start
timing.

Note that upper controller 11 may calculate, for example, a
time period until the discharge start timing (discharge waiting
time period), and may determine that the discharge start tim-
ing arrives at a time point at which the discharge wait time
period elapses. Further, upper controller 11 may calculate an
amount of power that is discharged from the discharging
secondary battery pack before the discharge start timing, for
example, and may determine that the discharge start timing
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arrives at a time point at which the power in that amount is
discharged from the discharging secondary battery pack.

Further, in the power storage system of the exemplary
embodiment, at the time of start of discharge of the additional
discharge secondary battery pack, upper controller 11 turns
on discharge switch 19 in a state in which charge switch 20 of
the additional discharge secondary battery pack is turned off.

FIG. 3 shows a state of current that flows when discharge
switch 19 is turned on with charge switch 20 of the additional
discharge secondary battery pack kept off.

As described above, in the power storage system of the
exemplary embodiment, the inter-terminal voltage of the
additional discharge secondary battery pack is lower than the
inter-terminal voltage of the discharging secondary battery
pack until the additional discharge secondary battery pack
starts to be discharged. When discharge switch 19 is turned on
in the state in which charge switch 20 is turned off, at the time
of start of discharge of the additional discharge secondary
battery pack, the discharge current that flows to the load from
the additional discharge secondary battery pack is fed back to
a negative terminal of secondary battery block 13 of the
additional discharge secondary battery pack via a body diode
of'the MOSFET that is used as charge switch 20. In this case,
unless the potential difference that is larger than the forward
voltage of the body diode is present between the inter-termi-
nal voltage of the additional discharge secondary battery pack
and the inter-terminal voltage of the discharging secondary
battery pack, a cross current in which a current flows to the
additional discharge secondary battery pack from the dis-
charging secondary battery pack does not occur. Namely, by
the body diode of charge switch 20, occurrence of the cross
current between the additional discharge secondary battery
pack and the discharging secondary battery pack can be pre-
vented. Charge switch 20 of the additional discharge second-
ary battery pack can be turned on, for example, after the
inter-terminal voltage becomes stable.

Note that in the above described description, the operation
example at the time of discharge of secondary battery pack 12
is shown, but the similar operation also can be applied to a
time of charging of secondary battery pack 12.

When secondary battery pack 12 starts to be charged, the
inter-terminal voltage gradually rises with accumulation of
electric power. At a time of charging of the power storage
system, upper controller 11 starts charging of secondary bat-
tery pack 12 with a smaller remaining capacity, that is, sec-
ondary battery pack 12 with a lower inter-terminal voltage
(open-circuit voltage) first from among two secondary bat-
tery packs 12. Subsequently, when the inter-terminal voltage
of one secondary battery pack 12 that is previously started
charging rises and reaches a vicinity of the inter-terminal
voltage (open-circuit voltage) of the other secondary battery
pack 12 that is not charged, upper controller 11 starts charging
of'the other secondary battery pack 12. When three or more of
secondary battery packs 12 are used, upper controller 11
starts charging in order of increasing from secondary battery
pack 12 having the smallest remaining capacity.

Here, when the other secondary battery pack that is not
charged yet (hereinafter, called an additional charge second-
ary battery pack) is caused to start being charged by being
connected in parallel with the one secondary battery pack
which is being charged (hereinafter, called a charging sec-
ondary battery pack) in the power storage system of the
exemplary embodiment, charge start timing at which the
inter-terminal voltages of the additional charge secondary
battery pack and the charging secondary battery pack corre-
spond to each other is calculated by upper controller 11.
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The charge start timing is calculated based on an imped-
ance of the charging secondary battery pack and an imped-
ance of the additional charge secondary battery pack. More
specifically, a time at which the impedance of the charging
secondary battery pack and the impedance of the additional
charge secondary battery pack correspond to each other is set
as the charge start timing.

Upper controller 11 creates the impedance history of the
charging secondary battery pack, predicts the change of the
following impedances from the impedance history, and cal-
culates the charge start timing by using the prediction result
thereof. Thereafter, upper controller 11 causes the additional
charge secondary battery pack to start to be charged at the
predicted charge start timing.

Further, upper controller 11 turns on charge switch 20 in a
state in which discharge switch 19 of the additional charge
secondary battery pack is turned off, at a time of start of
charging the additional charge secondary battery pack.

According to the power storage system of the exemplary
embodiment, at the time of discharge of secondary battery
pack 12, the discharge start timing at which the inter-terminal
voltages of the additional discharge secondary battery pack
and the discharging secondary battery pack correspond to
each other is predicted, and the additional discharge second-
ary battery pack is caused to start being discharged at the
discharge start timing, whereby the inter-terminal voltage of
the additional discharge secondary battery pack and the inter-
terminal voltage of the discharging secondary battery pack at
the time of starting discharge of the additional discharge
secondary battery pack can be made to have the values closer
to each other. Namely, the difference between the inter-ter-
minal voltages of respective secondary battery packs 12 at the
time of starting discharge can be reduced more than in the
background art, and therefore, the cross current that occurs
between secondary battery packs 12 can be further reduced.

Similarly, at the time of charging secondary battery pack
12, the charge start timing at which the inter-terminal voltages
of'the additional charge secondary battery pack and the charg-
ing secondary battery pack correspond to each other is pre-
dicted, and the additional charge secondary battery pack is
caused to start being charged at the charge start timing,
whereby the inter-terminal voltage of the additional charge
secondary battery pack and the inter-terminal voltage of the
charging secondary battery pack at the time of starting to
charge the additional charge secondary battery pack can be
made to have the values closer to each other. Namely, the
difference between the inter-terminal voltages of respective
secondary battery packs 12 at the time of starting charging
can be reduced more than the background art, and therefore,
the cross current that occurs between secondary battery packs
12 can be further reduced.

FIG. 4 is a flowchart showing one example of a processing
procedure of the power storage system of the present inven-
tion. FIG. 4 shows the one example of the processing proce-
dure in the case in which the power storage system includes a
plurality of secondary battery packs 12, and in which a plu-
rality of secondary battery packs 12 are caused to be dis-
charged. Processing shown in FIG. 4 is executed by upper
controller 11 shown in FIG. 1.

As shown in FIG. 4, upper controller 11 carries out desired
initial setting for respective secondary battery packs 12 (step
101), and thereafter, measures and stores the value of the
impedance of each of secondary battery packs 12 (step 102).
The impedance can be measured by using a known AC imped-
ance measuring method or DC impedance measuring
method. When the impedance of each of secondary battery
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packs 12 is measured at the time of the end of discharge and
at the previous time when charging was ended, the value
thereof may be used.

Next, upper controller 11 measures the inter-terminal volt-
ages of respective secondary battery packs 12 (step 103).
Here, upper controller 11 measures the inter-terminal volt-
ages (open-circuit voltages) of respective secondary battery
packs 12 when respective secondary battery packs 12 are not
being charged or are not being discharged.

Next, upper controller 11 extracts secondary battery pack
12 with the highest inter-terminal voltage, and secondary
battery pack 12 with the inter-terminal voltage close to this
secondary battery pack 12 with the highest inter-terminal
voltage, based on the value of the inter-terminal voltage
(open-circuit voltage) of each of secondary battery packs 12
that is measured in step 103 (step 104).

Subsequently, upper controller 11 causes secondary bat-
tery pack 12 with the highest inter-terminal voltage to start
being discharged (step 105). When a plurality of secondary
battery packs 12 with the highest inter-terminal voltage are
present, that is, when secondary battery packs 12 with the
inter-terminal voltages that are close to the inter-terminal
voltage of secondary battery pack 12 with the highest inter-
terminal voltage are present, upper controller 11 also causes
secondary battery packs 12 to start being discharged at the
same time.

Next, upper controller 11 measures the discharge current of
secondary battery pack 12 in which discharge has been started
(step 106).

Next, upper controller 11 measures the inter-terminal volt-
ages of secondary battery packs 12 that are not being dis-
charged, again (step 107), and extracts secondary battery
packs 12 that can start to be discharged at the same time
therefrom (step 108). Secondary battery packs 12 that are
extracted at this time are also secondary battery packs 12 the
inter-terminal voltages (open-circuit voltages) of which are
close to each other.

Subsequently, upper controller 11 determines secondary
battery pack 12 is one subsequent discharge candidate that
starts to be discharged next, and has the highest inter-terminal
voltage among secondary battery packs 12 that are not being
discharged, based on the inter-terminal voltages of respective
secondary battery packs 12 measured in step 107 and the
combination of secondary battery packs 12 that can start to be
discharged at the same time (step 109). There are the cases in
which one secondary battery pack 12 is determined as the
subsequent discharge candidate here, and a plurality of sec-
ondary battery packs 12 are determined as the subsequent
discharge candidate here.

Next, upper controller 11 determines whether or not the
number of secondary battery packs 12 that are being dis-
charged at present (discharging secondary battery packs) is a
desired number or more than a desired number (step 110).
Whether or not the number of discharging secondary battery
packs is the desired number or more than the desired number
can be determined by whether or not the discharge current of
the discharging secondary battery pack is larger than the
desired current values of various loads that are connected to
the power storage system. When the discharging secondary
battery pack is absent, upper controller 11 can determine that
the number of the discharging secondary battery packs does
not satisfy the desired number.

When the number of the discharging secondary battery
packs is the desired number or more than the desired number,
upper controller 11 shifts to processing of step 120 that will be
described later.
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In the case in which the number of discharging secondary
battery packs is smaller than the desired number, in order to
cause secondary battery pack 12 that is the subsequent dis-
charge candidate (additional discharge secondary battery
pack) that is determined in step 109 to start to be discharged,
upper controller 11 first calculates the number of shunt cur-
rents or the shunt ratio at the time of the additional discharge
secondary battery pack starts to be discharged (step 111). The
number of shunt currents is the total number of secondary
battery packs 12 that supply currents to the loads after dis-
charge of the additional discharge secondary battery pack
starts, and the shunt ratio is the inverse number of the number
of shunt currents. For example, when one secondary battery
pack 12 is discharged, the number of shunt currents and the
current ratio are one respectively, and when two secondary
battery packs 12 are discharged, the number of shunt currents
is two and the shunt ratio is 1/2.

Subsequently, upper controller 11 detects the remaining
capacity of the additional discharge secondary battery pack
(step 112). The remaining capacity may be estimated from the
inter-terminal voltage (open-circuit voltage) of the additional
discharge secondary battery pack, or the value of the remain-
ing capacity of each of secondary battery packs 12 stored in
memory (not illustrated) may be read at the previous time
when discharging was ended. In general, the remaining
capacity of a secondary battery is frequently estimated as a
relative remaining capacity (%) at the time of the full charging
capacity (maximum charging capacity: actual capacity)
thereof being set at 100%, and it is known that the relative
remaining capacity is substantially proportional to the inter-
terminal voltage (open-circuit voltage). Therefore, if the
inter-terminal voltage (open-circuit voltage) is measured, the
remaining capacity of each of secondary battery packs 12 can
be found by referring to a table or the like created in advance.

Next, upper controller 11 calculates the impedances of the
discharging secondary battery packs respectively (step 113).

Subsequently, upper controller 11 calculates the open-cir-
cuit voltage of each of the discharging secondary battery
packs based on the values of the impedances of the discharg-
ing secondary battery packs calculated in step 113, and finds
the remaining capacity of each of the discharging secondary
battery packs corresponding to the open-circuit voltage (step
114).

Next, upper controller 11 calculates a time period until the
discharge start timing of the additional discharge secondary
battery pack (discharge waiting time period) (step 115). At
the time of calculation of the discharge waiting time period,
upper controller 11 first expresses transition of the imped-
ances that is predicted, of the discharging secondary battery
packs by a function using a time as a variable. As is under-
stood from the graph shown in FIG. 2, the inter-terminal
voltage of the discharging secondary battery pack declines
substantially rectilinearly. The characteristic depends on the
change of the internal impedance of secondary battery pack
12 due to discharge. Since the external impedance is basically
constant, the change of the impedance of secondary battery
pack 12 in the time-axis direction at the time of discharge can
be approximated by a straight line, and can be expressed by a
linear function.

Consequently, upper controller 11 approximates the
impedance of the discharging secondary battery pack by the
linear function with the time as a variable. Further, upper
controller 11 calculates the time period (the above described
discharge waiting time period) until the impedance of the
discharging secondary battery pack becomes a discharge start
impedance by using the obtained function. The discharge
start impedance refers to the impedance of the discharging
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secondary battery pack in which a cross current does not
occur even if the additional discharge secondary battery pack
starts to be discharged. That is, the discharge start impedance
is equal to the impedance of the additional discharge second-
ary battery pack. Here, when the discharging secondary bat-
tery pack has the discharge start impedance, and the addi-
tional discharge secondary battery pack does not start to be
discharged yet, the inter-terminal voltage of the discharging
secondary battery pack is called a discharge start voltage.

Upper controller 11 determines the discharge start timing
from the above described discharge waiting time period (step
116), measures the inter-terminal voltage of the discharging
secondary battery pack earlier than the discharge start timing
by a predetermined time set in advance (step 117), and deter-
mines whether or not the measured inter-terminal voltage is a
predetermined set value (the above described discharge start
voltage) or less than a predetermined set value (step 118).

When the inter-terminal voltage of the discharging second-
ary battery pack is not a set value or less, upper controller 11
repeats processing of steps 117 and 118.

When the inter-terminal voltage of the discharging second-
ary battery pack is the set value or less, upper controller 11
causes the additional discharge secondary battery pack to
start to be discharged (step 119).

FIG. 4 shows a processing example of calculating the time
period (discharge waiting time period) until the discharge
start timing, and of measuring the inter-terminal voltage of
the discharging secondary battery pack at the time point
closer to the discharge start timing to determine whether or
not to cause the additional discharge secondary battery pack
to start to be discharged. Use of the discharge waiting time
period as above makes complicated voltage measurement,
calculation processing and the like unnecessary, until the
discharge start timing approaches, and only the time needs to
be measured. Therefore, the processing load of upper con-
troller 11 can be reduced. Meanwhile, when the discharge
start timing approaches, the inter-terminal voltage of the
additional discharge secondary battery pack and the inter-
terminal voltage of the discharging secondary battery pack at
the time of start of discharge of the additional discharge
secondary battery pack can be matched with each other with
high precision by actually measuring the inter-terminal volt-
age of the discharging secondary battery pack. Therefore,
occurrence of a cross current between secondary battery
packs 12 at the time of start of discharge of the additional
discharge secondary battery pack can be prevented.

Next, upper controller 11 measures the inter-terminal volt-
ages of the respective discharging secondary battery packs
including secondary battery pack 12 that newly starts to be
discharged (step 120), and further measures discharge cur-
rents of each of the discharging secondary battery packs (step
121).

Next, upper controller 11 determines whether or not the
sum of the discharge currents of the discharging secondary
battery packs is zero or less (step 122). When the sum of the
discharge currents is not zero or less, the power storage sys-
tem is being discharged, and therefore, upper controller 11
repeats processing from step 108.

When the sum of the discharge currents is zero or less, the
power storage system stops discharge, and therefore upper
controller 11 measures the inter-terminal voltages (open-cir-
cuit voltages) of each of secondary battery packs 12 (step
123), and finds the remaining capacities of respective second-
ary battery packs 12 from the open-circuit voltages, respec-
tively (step 124). At this time, upper controller 11 may mea-
sure the impedance of each of secondary battery packs 12.



US 9,368,992 B2

13

Subsequently, upper controller 11 stores the remaining
capacity of each of secondary battery packs 12 obtained in
step 124 in memory (not illustrated) (step 125), and repeats
processing from step 102.

FIG. 5 is a flowchart showing another example of the
processing procedure of the power storage system of the
present invention. FIG. 5 shows one example of the process-
ing procedure in the case in which the power storage system
includes a plurality of secondary battery packs 12, and a
plurality of secondary battery packs 12 are charged. The
processing shown in FIG. 5 is also executed by upper con-
troller 11 shown in FIG. 1.

As shown in FIG. 5, upper controller 11 carries out desired
initial setting for respective secondary battery packs 12 (step
201), and thereafter measures and stores the value of the
impedance of each of secondary battery packs 12 (step 202).

Next, upper controller 11 measures the inter-terminal volt-
ages of respective secondary battery packs 12 (step 203).
Here, upper controller 11 measures the inter-terminal volt-
ages (open-circuit voltages) of each of secondary battery
packs 12 at the time when each of secondary battery packs 12
are not being charged or are not being discharged. The pro-
cessing of steps 201 to 203 shown in FIG. 5 may be the
processing common to steps 101 to 103 shown in FIG. 4.

Next, upper controller 11 extracts secondary battery pack
12 with the lowest inter-terminal voltage, and secondary bat-
tery pack 12 whose inter-terminal voltage is close to that of
secondary battery pack 12 with the lowest inter-terminal volt-
age, based on the value of the inter-terminal voltage (open-
circuit voltage) of each of secondary battery packs 12 that is
measured in step 203 (step 204).

Subsequently, upper controller 11 causes secondary bat-
tery pack 12 with the lowest inter-terminal voltage to start to
be charged (step 205). When a plurality of secondary battery
packs 12 with the lowest inter-terminal voltage are present,
that is, when secondary battery packs 12 whose the inter-
terminal voltages are close to that of secondary battery pack
12 with the lowest inter-terminal voltage are present, upper
controller 11 also causes secondary battery packs 12 to start
being charged at the same time.

Next, upper controller 11 measures the charge current of
secondary battery pack 12 that is caused to start being charged
(step 206).

Next, upper controller 11 re-measures the inter-terminal
voltages of secondary battery packs 12 that are not being
charged (step 207), and extracts secondary battery packs 12
that can start being charged at the same time from them (step
208). Secondary battery packs 12 that are removed this time
are also secondary battery packs 12 the inter-terminal volt-
ages (open-circuit voltage) of which are close to each other.

Subsequently, upper controller 11 determines that second-
ary battery packs 12 is subsequent charge candidate that next
starts to be charged, and has the lowest inter-terminal voltage
among secondary battery packs 12 that are not being charged,
based on the inter-terminal voltages of respective secondary
battery packs 12 measured in step 207, and the combination
of secondary battery packs 12 that can start being charged at
the same time, and that are removed in step 208 (step 209).
There are the cases in which one secondary battery pack 12
that is the subsequent charge candidate is determined here,
and a plurality of secondary battery packs 12 that are the
subsequent charge candidate are determined here.

Next, upper controller 11 determines whether or not the
number of secondary battery packs 12 that are being charged
at present (charging secondary battery packs) is a desired
number or more (step 210). Whether or not the number of
charging secondary battery packs is the desired number or
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more can be determined by whether or not the electric power
necessary for charging of the charging secondary battery
packs is larger than surplus power that is generated by, for
example, PV or the like and is not used in the load or the like.
When the charging secondary battery pack can not be found,
upper controller 11 may determine that the number of the
charging secondary battery packs does not satisty the desired
number.

When the number of charging secondary battery packs 12
is the desired number or more, upper controller 11 shifts to
processing of step 220 that will be described later.

In the case in which the number of charging secondary
battery packs 12 is smaller than the desired number, upper
controller 11 detects a power storage amount (remaining
capacity) of secondary battery pack 12 that is the subsequent
charge candidate (additional charge secondary battery pack)
determined in step 209 (step 212). The remaining capacity
may be estimated from the inter-terminal voltage (open-cir-
cuit voltage) of the additional charge secondary battery pack,
or may be read the value of the remaining capacity of each of
secondary battery packs 12 that is measured and stored at the
previous time when discharging was ended and when charg-
ing was ended.

Next, upper controller 11 calculates the impedances of the
charging secondary battery packs respectively (step 213).

Subsequently, upper controller 11 calculates the open-cir-
cuit voltage of each of the charging secondary battery packs
based on the values of the impedances of the charging sec-
ondary battery packs calculated in step 213, and finds the
remaining capacity of each of the charging secondary battery
packs corresponding to the open-circuit voltage (step 214).

Next, upper controller 11 calculates a time period until the
charge start timing of the additional charge secondary battery
pack (charge waiting time period) (step 215). At the time of
calculation of the charge waiting time period, upper control-
ler 11 first expresses transition of the impedances that is
predicted, of the charging secondary battery packs by a func-
tion with a time as a variable. The impedance of the charging
secondary battery pack can be approximated by the linear
function with the time as a variable similar to the impedance
of the above described discharging secondary battery pack,
for example. Upper controller 11 calculates the time period
(the above described charge waiting time period) until the
impedance of the charging secondary battery pack becomes a
charge start impedance by using the obtained function. The
charge start impedance refers to the impedance of the charg-
ing secondary battery pack in which a cross current does not
occur even if charge of the additional charge secondary bat-
tery pack is started. That is, the charge start impedance is
equal to the impedance of the additional charge secondary
battery pack. Here, when the charging secondary battery pack
has the charge start impedance, charging of the additional
charge secondary battery pack does not yet start, the inter-
terminal voltage of the charging secondary battery pack is
called a charge start voltage.

Upper controller 11 determines the charge start timing
from the above described charge waiting time period (step
216), measures the inter-terminal voltage of the charging
secondary battery pack earlier than the charge start timing by
a predetermined time set in advance (step 217), and deter-
mines whether or not the measured inter-terminal voltage is a
predetermined set value (the above described charge start
voltage) or less (step 218).

When the inter-terminal voltage of the charging secondary
battery pack is not the set value or less, upper controller 11
repeats the processing of steps 217 and 218.



US 9,368,992 B2

15

When the inter-terminal voltage of the charging secondary
battery pack is the set value or less, upper controller 11 starts
charging of the additional charge secondary battery pack
(step 219).

FIG. 5 shows the processing example of calculating the
time period (charge waiting time period) until the charge start
timing, and measuring the inter-terminal voltage of the charg-
ing secondary battery pack at the time point closer to the
charge start timing to determine whether or not to start charg-
ing of the additional charge secondary battery pack. Use of
the charge waiting time period as above makes complicated
voltage measurement, calculation processing and the like
unnecessary until the charge start timing approaches, and
only the time needs to be measured. Therefore, the processing
load of upper controller 11 can be reduced. Meanwhile, when
the charge start timing approaches, the inter-terminal voltage
of'the additional charge secondary battery pack and the inter-
terminal voltage of the charging secondary battery pack at the
time of starting charging of the additional charge secondary
battery pack can be matched with each other with high pre-
cision by actually measuring the inter-terminal voltage of the
charging secondary battery pack. Therefore, occurrence of a
cross current between secondary battery packs 12 at the time
when charging of the additional charge secondary battery
pack is started can be prevented.

Next, upper controller 11 measures the inter-terminal volt-
ages of the respective charging secondary battery packs
including secondary battery pack 12 that newly starts to be
charged (step 220), and further measures charge currents of
the respective charging secondary battery packs (step 221).

Next, upper controller 11 determines whether or not the
sum of the charge currents of the charging secondary battery
packs is zero or less (step 222). When the sum of the charge
currents is not zero or less, the power storage system is being
charged, and therefore, upper controller 11 repeats the pro-
cessing from step 208.

When the sum of the charge currents is zero or less, the
power storage system stops charging, and therefore upper
controller 11 measures the inter-terminal voltages (open-cir-
cuit voltages) of respective charging secondary battery packs
respectively (step 223), and finds the power storage amounts
(remaining capacities) of respective secondary battery packs
12 that stop charge from the open-circuit voltages, respec-
tively (step 224). At this time, upper controller 11 may mea-
sure the impedance of each of secondary battery packs 12.

Subsequently, upper controller 11 stores the remaining
capacity of each of secondary battery packs 12 obtained in
step 224 in the memory (not illustrated) (step 225), and
repeats the processing from step 202.

The invention of the present application is described thus
far with reference to the exemplary embodiment, but the
invention of the present application is not limited to the above
described exemplary embodiment. For the configuration and
the details of the invention of the present application, various
modifications that a person skilled in the art can understand
can be made within the scope of the invention of the present
application.

This application claims priority of Japanese Patent Appli-
cation No. 2011-068212 filed on Mar. 25, 2011, the disclo-
sures of which are incorporated herein by reference.

The invention claimed is:

1. A power storage system comprising:

a plurality of secondary battery packs; and

a controller that, when causing an additional discharge

secondary battery pack that is not being discharged to be
discharged by connecting the additional discharge sec-
ondary battery pack in parallel with a discharging sec-
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ondary battery pack that is being discharged, predicts
discharge start timing at which the inter-terminal voltage
of the additional discharge secondary battery pack
becomes equal to the inter-terminal voltage of the dis-
charging secondary battery pack, and that causes the
additional discharge secondary battery pack to start
being discharged at the discharge start timing.

2. The power storage system according to claim 1,

wherein the secondary battery packs comprise

a battery detector that measures an inter-terminal voltage
of the secondary battery packs, and

a current detector that measures a discharge current and a
charge current of the secondary battery packs,

and wherein the controller predicts a change of an imped-
ance of the discharging secondary battery pack based on
a change of the inter-terminal voltage of the discharging
secondary battery pack measured by the battery detector
and a discharge current measured by the current detec-
tor, and sets a time when the impedance of the discharg-
ing secondary battery pack corresponds to an impedance
ofthe additional discharge secondary battery pack that is
measured in advance, as the discharge start timing.

3. The power storage system according to claim 2,

wherein the controller

retains in advance a value of an external impedance except
for an internal impedance of a secondary battery
included in the secondary battery pack, calculates an
internal impedance of a secondary battery of the dis-
charging secondary battery pack based on the inter-ter-
minal voltage during discharge of the discharging sec-
ondary battery pack, and sets a sum of the external
impedance and the internal impedance as the impedance
of the secondary battery pack.

4. The power storage system according to claim 1,

wherein the controller

calculates a discharge waiting time period that is a time
period until the discharge start timing, or an amount of
power that is discharged by the discharge start timing,
and when the discharge waiting time period elapses, or
when the amount of power is discharged, determines
that the discharge start timing has arrived.

5. The power storage system according to claim 1,

wherein the controller

calculates a discharge waiting time period that is a time
period until the discharge start timing, and a discharge
start voltage that is the inter-terminal voltage of the
discharging secondary battery pack in the discharge start
timing, determines whether or not the inter-terminal
voltage of the discharging secondary battery pack has
reached the discharge start voltage at a preset predeter-
mined time before the discharge waiting time period,
and causes the additional discharge secondary battery
pack to start being discharged when the inter-terminal
voltage of the discharging secondary battery pack has
reached the discharge start voltage.

6. The power storage system according to claim 1, the

system further comprising:

a discharge switch that turns on and off discharge of the
secondary battery pack; and

a charge switch that turns on and off charging the second-
ary battery pack,

wherein the controller turns on the discharge switch in a
state in which the charge switch is turned off when
starting discharge of the additional discharge secondary
battery pack.

7. The power storage system according to claim 1,

wherein the controller,
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when causing an additional charge secondary battery pack wherein the controller
that is not being charged to start being charged by con- turns on the charge switch in a state in which the discharge
necting the additional charge secondary battery pack in switch is turned off when starting charging of the addi-
parallel with a charging secondary battery pack that is tional charge secondary battery pack.

being charged, in a state in which some secondary bat- 3 10. A secondary battery pack control method for control-
tery packs from among the plurality of secondary battery ling a plgrality of secondary battery packs,

packs are charged, predicts charge start timing at which wherein a computer, )

inter-terminal voltages of the additional charge second- when causing an additional discharge secondary battery
ary battery pack and the charging secondary battery pack the}t is not bel.n.g dlscharged to be discharged by
pack correspond to each other, and starts charging the 10 connecting the additional discharge secondary battery

additional charge secondary battery pack at the charge pack in pe}ralle.l with a discharging secondary battery
start timing, pack that is being discharged, predicts discharge start

8. The power storage system according to claim 7, t@ming at which the inter-terminal voltage of the addi-
wherein the controller tional discharge secondary battery pack becomes equal
predicts a change of an impedance of the charging second- 15 to the inter-terminal voltage of the discharging second-
ary battery pack based on a change of the inter-terminal ary battery p.a.Ck’ and
voltage of the charging secondary battery pack that is causes the. addl.t ional discharge s.econdary batte.ry.pack to
measured by the battery detector and a charge current start being discharged at the dlscharge start Uming.
that is measured by the current detector, and sets a time 11. The power storage system according to claim 8, the

when the impedance of the charging secondary battery 20 system further comprising: .
pack corresponds to an impedance of the additional a discharge switch that turns on and off discharge of the

b darv batt k that i d i secondary battery pack; and
Z di;iieszcsotrllleagl}iargae Set;y " ?ierlrcling. al 15 Meastred 1 a charge switch that turns on and off charging of the sec-

9. The power storage system according to claim 7, the ondgry battery pack,
system further comprising: 25 wherein the upper con.troll.e r . . .
a discharge switch that turns on and off discharge of the turns on the charge switch ina state in which the discharge
secondary battery pack; and SWltCh is turned off when starting charging of the addi-
a charge switch that turns on and off charging of the sec- tional charge secondary battery pack.
ondary battery pack, LA L A



